Protecting wild places is conservation's most pressing task given rapid contemporary declines in biodiversity and massive land use changes. We suggest that behavioural ecology has a valuable, albeit limited, role to play in this agenda. Behaviourally based empiricism and modelling, especially of animal movements and habitat preferences have enjoyed wide applicability in delineating reserve boundaries. In protected areas that sanction exploitation, it may also be important to understand individuals' behavioural and life-history responses to management decisions. We also argue, however, that the in-depth studies of behavioural ecologists may have an important role in conservation by elevating species' status from mundane to charismatic and often sparking public empathy, and their mere presence in field generates local (or broader) intrigue. More generally behavioural ecologists will only be listened to, and their contributions considered of conservation importance, if they become more involved in decision-making processes as witnessed by several prominent examples that have supported the establishment of protected areas.
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Protecting wild places is conservation's most pressing task given rapid contemporary declines in biodiversity and massive land use changes. We suggest that behavioural ecology has a valuable, albeit limited, role to play in this agenda. Behaviourally based empiricism and modelling, especially of animal movements and habitat preferences have enjoyed wide applicability in delineating reserve boundaries. In protected areas that sanction exploitation, it may also be important to understand individuals' behavioural and life-history responses to management decisions. We also argue, however, that the in-depth studies of behavioural ecologists may have an important role in conservation by elevating species' status from mundane to charismatic and often sparking public empathy, and their mere presence in field generates local (or broader) intrigue. More generally behavioural ecologists will only be listened to, and their contributions considered of conservation importance, if they become more involved in decision-making processes as witnessed by several prominent examples that have supported the establishment of protected areas.
This article is part of the theme issue 'Linking behaviour to dynamics of populations and communities: application of novel approaches in behavioural ecology to conservation'.
The critical import of in situ conservation
It is widely accepted that the principal biological challenge this century is to conserve biodiversity and functioning ecosystems [1, 2] . Generally, it is agreed that this involves protecting wild nature effectively in its natural state and in the absence of invasive species, rather than in anthropogenically altered habitats [3, 4] . This goal is becoming increasingly difficult to achieve, however, because remaining wild places are dwindling rapidly as they are absorbed by humans [5, 6] . To make headway, we need to establish and effectively manage protected areas quickly because species richness declines so precipitously with anthropogenic disturbance [7, 8] . Here we ask whether behavioural ecologists can contribute to saving wild habitats and the biodiversity that lives there, and thus help bridge the time until circumstances hopefully become more benign [9] .
Several aspects of behavioural ecology have applicability to conservation. Sometimes the study of kin selection, sexual selection, social networks, sensory ecology, mating systems, decision making, altruism, antipredator strategies and animal personalities can provide information for captive breeding programmes of endangered species, increase the probability of reintroductions being successful [10] , or help animals survive in anthropogenically altered landscapes [11] . Moreover, animal behaviour studies can predict responses of species to anthropogenic disturbance [12] such as noise (e.g. [13] ), habitat fragmentation (e.g. [14] ) and chemical or light pollution (e.g. [15, 16] ) although this, in essence, is a reactive paradigm documenting and predicting behavioural responses to & 2019 The Author(s) Published by the Royal Society. All rights reserved.
environmental change [17] rather than being a proactive approach to protect species better.
These behaviour -conservation strategies are not the focus of this article, however. Instead we want to explore a different and ambitious question concerning the extent to which behavioural ecology study can facilitate the protection of large numbers of species and ecological processes in the wild, specifically through the establishment and maintenance of protected areas. Not only is this question germane to protecting natural ecosystems but professional societies that concentrate on behavioural ecology and animal behaviour now have a strong practical interest in how their disciplines contribute to in situ conservation [18] . In addition to examining the discipline of behavioural ecology, we will argue that it may be that the motivation and long-term presence of its practitioners in the field has as much chance of promoting in situ conservation as their scientific findings per se. Such a supposition may seem counterintuitive. However, conservation is not simply concerned with amassing good data but critically relies on people working together for a common cause and developing policy that promotes biodiversity. Often this is through the establishment of effective protected areas [19, 20] .
Here we divide the establishment of protected areas into three categories: (i) generating initial interest and political will, (ii) delineating protected area boundaries, and (iii) maintaining protection once the reserve is recognized. If behavioural ecologists can become involved in these activities they can potentially transform conservation landscapes [21] .
Generating interest in setting up protected areas
Despite conservation biologists' best efforts in systematic conservation planning using metrics steeped in assessments of species richness, endemism and threatened status [22] , politicians wanting to lend support to protected area establishment still gravitate towards particularly compelling species, especially those that resonate with the public (table 1) . Often flagship species are large charismatic mammals or perhaps birds [23] , and animal behaviourists working on other species sometimes contend that their study organism is inappropriate for promoting the conservation agenda [24] . We would argue, however, that charismatic species are not a unitary category; the criteria by which flagship species are chosen differ subtly according to objectives that include raising conservation awareness, influencing policy, protection of species or habitats, or fund raising. In regards to choosing flagship species to protect habitats and other species, Barua et al. [25] suggest the most important factors are geographical location and range, conservation status and population size, and their ability to act as umbrella species [26] rather than being large homeotherms. Indeed there are now plenty of examples of scientists advancing poikilothermic vertebrates as flagship species (e.g. [27] ). As illustrations, high-profile species such as marine mammals, seabirds, predatory fishes, sea turtles and sharks congregate in productive areas [28] where protection of these areas could result in conserving much marine biodiversity. Similarly, in freshwater environments, aquatic mammals, birds, fishes, mussels and dragonflies have all been suggested as offering protection to additional species [29] . Other authors have proposed insects [30] , plants [31] and fungi [32] as flagship species. Kitulo National Park in Tanzania was set up to conserve orchids. Moreover, charismatic status is not a universal quality; it varies by location and over time. For instance, we found that contrary to western expectations, jaguars Panthera onca, giant anteaters Myrmecophaga tridactyla and tapirs Tapirus terrestris were less popular for Guyanese schoolchildren, but aripaima fish Aripaima aripaima, macaws and toucans were more popular, cautioning against western non-government organizations (NGOs) using their 'own' flagship species to generate local conservation interest [33] . Similarly, rarity is a critical aspect for conservation effort and as populations dwindle over time, new species gain prominence. Pangolins and sharks are now important foci of protection owing to intense exploitation. Difficult as it may be, behavioural ecologists interested in in situ conservation could do well to choose to work on rare species, although the route is tricky because small sample sizes may prevent publication in top journals. In summary, we think that behavioural ecologists can use their findings about almost any species to enthuse governmental bodies and local politicians [34] . Perhaps this is where knowledge of behavioural ecology can be most effective in advancing interest in conserving species by making innocuous (at least to the public) species 'exciting'. Fascinating discoveries about even small species create public intrigue, for example rodents dismissed as vermin or just rats and mice (table 2) . Peculiar behavioural findings have often been instrumental in making species infamous. Antechinus was viewed as simply a small brown marsupial until discoveries about its life history made it unique among mammals in that all males die after mating once, giving insights into the reasons that animals show natal dispersal [41] .
An example with which we are familiar is Caro's current study of the adaptive significance of red/blue coloration in coconut crabs on Pemba Island, Tanzania that is generating support for conserving this species. To investigate this Table 1 . Use of flagship species in establishing reserves (from [23] colour polymorphism, it was necessary to determine where coconut crab populations were greatest and this led to an island-wide survey (figure 1). Next, repeated counting of crab morphs in promising areas established population monitoring programmes. Then working with the Department of Forestry and Non-Renewable Natural Resources, crab conservation posters were distributed to all schools across the island, visits were made to every coastal ward to assess crab exploitation by children, and village education meetings were set up in those wards where crab populations are robust. The Department then featured live coconut crabs in an island-wide exhibition of its conservation activities. Such collaborative actions (see below) were initiated as a consequence of a basic research study [42] . Finally, wildlife films that feature all types of species' behaviour and ecology are regarded as having enormously increased the public's affiliation with the natural world and wish to conserve it [43] . Ideally local engagement in film production should be increased and shown as part of a conservation education programme that incorporates other education materials and group discussion so that the desired conservation message is reinforced. For example, in western Tanzania, the WASIMA (Watu, Simba na Masingira; people, lions and the environment) campaign to stop lion killing by Sukuma pastoralists uses wildlife films in villages to sensitize Sukuma warriors to the wonders of nature and attracts hundreds of people at film sittings [44] (http://www.lcmo.or.tz/ wasima/).
Delineating appropriate protected area boundaries (a) Animal movement
Studies of animal movement can delineate the size and shape of a proposed reserve (figure 2). While individuals of most species live in circumscribed areas sometimes defending territories, some individuals, particularly those of largebodied organisms may range widely. Such species can be useful in setting reserve boundaries because they may encompass viable populations of other taxa (act as umbrella species, [23] ). The shape of the boundaries of the Serengeti National Park and Ngorongoro Conservation Area, Tanzania and Masai Mara National Reserve, Kenya were established to incorporate the annual migration of wildebeest Connochaetes taurinus, for example [45] . In marine environments, protected areas are being created to encompass movements of high profile species such as sharks [46] and migratory sea turtles [47] . Choosing a wide ranging species on which to conduct behavioural ecological research therefore has considerable conservation merit, although may be difficult to study. Ranging data show the size of a reserve necessary to support a viable population of a particular species, and can also indicate the proportion of individuals that spend time outside a reserve. This is an important consideration for dangerous predators that may be persecuted by people [48] , for edible species that may be eaten [49] , or for species that can be infected by diseases of domestic animals [50] . Also, natal dispersal, crucial to maintaining genetic variation, needs documentation and requires following known individuals over time, or using non-invasive genetic methods for assessing individual identities and population structure. Reserve size can potentially be enlarged on the basis of these types of behavioural data [51] . Behavioural ecological study of the underlying causes of movement patterns can shed light on an area's suitability and how diseases spread [52] .
To provide functional connectivity between protected areas, we need to know about animal movement patterns across anthropogenically altered landscapes using remote sensing, GPS tracking and high-resolution data (e.g. [53 -55] ). Berger [56] used movement information to pinpoint bottlenecks in a long distance migration of pronghorn antelope Antilocapra americana so as to delimit a corridor through areas under heavy petroleum development in Wyoming, USA. This effort led to the nation's only federally protected migration pathway: Path of the Pronghorn. It was not science alone that brought about this conservation policy success but a prolonged foray in social and human dimensions that involved multiple governmental agencies, California ground squirrel Otospermophilus beecheyi populations sympatric with Pacific rattlesnakes exhibit venom resistance [36] crested rat Lophiomys imhausi chews, masticates and licks poisonous cardenolide from the plant Acokanthera on to its fur and advertises this aposematically [37] North American porcupine Erethizon dorsatum has detachable quills [38] Norway lemming Lemmus lemmus migrates at high densities [39] Laotian rock rat Laonastes aenigmamus is the sole surviving member of a long-extinct family (Diatomyidae) [40] other stakeholders including petroleum and livestock interests, and the public [57] .
Human footprints are expanding in many ways including the construction and upgrading of roads through protected areas [58, 59] . To facilitate compromises between development and conservation, crossing structures are being used to maintain animal movements. Behavioural observations have been valuable in determining whether animals use bridges, underpasses and culverts to cross these road barriers and hence how they should be constructed [60] . Observations have shown that location of crossing points, structural dimensions, approaches, fencing and traffic noise are important factors influencing the probability of individuals traversing [61, 62] ; behavioural knowledge can be used to construct environmental cues that will attract animals to crossing structures.
(b) Habitat selection
Animals spend disproportionate amounts of time in certain places. These may be areas of food abundance, where mating opportunities exist, where they can give birth or where predators and parasites are less prevalent. Such places need formal protection and effective policing. Therefore, pinpointing the extent to which individuals use clumped resources such as ephemeral green flushes of grass, or salt licks and why they use them is important. Further, the timing of the appearance of food such as masting trees or vernal pools needs documentation. Similarly, the places and times at which males collect on leks to attract females need to be known if protection is to be effective. In Wyoming, locations of sage grouse lekking sites have been incorporated into an order from the State Governor's office to enlarge the area of protection and safe guard 1300 more males on leks.
As a consequence, another 150 000 acres of land have been protected, limiting oil and gas development in 24% of the State: 82% of the State's sage grouse population is now protected (https://www.wyoleg.gov/InterimCommittee/2015/ 06-0810APPENDIX18.pdf ).
Such behavioural knowledge is akin to knowing about meta-population structure (where ephemeral subpopulations occupy temporary habitats and send out dispersers to other empty habitats). Thus the reasons that animals move, the cues they use during movement and the environmental factors promoting settling are all important in understanding the extent to which subpopulations are interconnected [63] . Indeed, such landscape spatial arrays may go undetected in the absence of behavioural ecological knowledge.
Understanding cues that individuals use in selecting habitats is also important in fragmented surroundings where individuals need to move between protected areas across anthropogenically altered landscapes [64, 65] . This knowledge opens up the possibility of using these cues to attract animals to breeding sites or safe areas [66, 67] .
Furthering protection
Better management of certain target species within a protected area can be informed by behavioural data. Examples include understanding flight distances and behavioural changes caused by recreational tourism. Set-back zones can then be initiated near feeding stations or waterholes where animals collect, or else movable buffer areas can be designated around the animals themselves (e.g. [68] ). Species management understandably falls under the purview of sovereign countries, and the rules that are implemented vary geographically for the same species. In Norway where royalsocietypublishing.org/journal/rstb Phil. Trans. R. Soc. B 374: 20180062 people have been injured or killed by muskoxen Ovibos moschatus, minimal viewing distances are mandated at 200 m. In Alaska, restrictions vary from 50 m in protected federal parks to none on state land [69] . In multiple-use protected areas where legal exploitation of target species occurs, monogamous and weakly polygynous species are much more susceptible to culling of males than highly polygynous species [70, 71] as are species with male parental care or infanticide [72] . Knowledge about infanticide in lions Panthera leo has led to rules being established and booklets being produced for hunters using multiple-use protected areas [73] . This is because removal of breeding adult males encourages new males to enter the pride and commit infanticide, a behaviour which in turn reduces juvenile recruitment (see also [74] ).
Beyond infanticide, additional conservation insights are emerging by comparing animals' behaviour in protected areas where hunting-mediated tourism is allowed or precluded. On Russia's Wrangel Island-the Arctic's only UNESCO designated Biosphere's Reserve-the hunting of muskoxen is forbidden, but in Arctic Alaska it is permissible. Consequently, adult sex ratios are highly skewed in Alaska. More than 97% of muskoxen groups on Wrangel contain females with at least one male, whereas almost a third of the Alaskan groups lack males. Because female-only groups are more likely to flee in simulated interactions with brown bears Ursus arctos, the probability of predatory pursuit is likely to increase in the presence of hunting and this may result in poorer juvenile survival [69] . Protected areas have important roles in providing behavioural baselines.
In long-lived species, certain older individuals have great knowledge so that removal of these individuals by hunting or live-capture can have disproportionately negative effects on the groups [75] . For example, older African elephant Loxodonta africana matriachs are better able to discriminate calls of close and distant associates [76] and are more adept at discriminating roars of dangerous male lions from less troublesome female lions [77] , even if network analysis suggests that the loss of knowledge is partly compensated for by daughters in the wake of poaching [78] .
In marine protected areas where fishing offtake is permitted, knowledge of fish breeding systems can set more appropriate fishing rules. For example, in species with sizedependent hermaphroditism, offtake of larger individuals has differential effects on population. For instance in gag Mycteroperca microlepis, a hermaphroditic grouper, high fishing mortality results in highly skewed female sex ratios necessitating changes in fishing practices (e.g. [79] ).
Assessing the impact of management and policy decisions
Management decisions made in situ sometimes require behavioural study to assess conservation consequences. Zimbabwe and Namibia were the first countries to remove horns from live black rhinoceroses Diceros bicornis in an attempt to reduce poacher incentives yet the biological outcomes of the manipulation were unknown. Behavioural ecological study eventually revealed that mothers without weapons were poor at defending their calves against spotted hyaenas Crocuta crocuta [80] . In another example, individual monitoring of moose Alces alces juveniles showed that the practice of hunting their mothers reduced overwinter survival [81] . By contrast, juvenile body size and maternal dominance did not. These findings from protected areas in the Greater Yellowstone ecosystem led the states of Wyoming and Idaho to alter human harvest regulations and led ultimately to policy change that helped to protect mothers and indirectly help their offspring [81] . In summary, study of behavioural and life-history components embedded in an analytical framework exploring juvenile survival had an unintended conservation consequence and netted a change in harvest policy.
Researcher presence
The presence of behavioural ecologists at field sites may also help in reserve protection, at least in some instances. Laurance [82] pieced together more than 10 anecdotal reports of researchers reducing poaching pressure, ranging from unconventional anti-poaching patrols conducted by Dian Fossey, to using camera traps to detect poachers, to funding aerial surveys to detect reserve encroachment. Most often, researcher influence is passive with poachers avoiding areas used for study. For example, in the Greater Mahale ecosystem in western Tanzania, the rate at which snares were encountered rose with distance from the researcher base and overall mammal encounter rates decreased. Critically, encounter rates of nine edible mammals rose every year after the arrival of researchers in this remote area with minimal governmental surveillance [83] . Sometimes behavioural ecologists working in the field conduct conservation projects at their field site while separately carrying out basic research. For example, Caro documented biodiversity under different forms of land use and monitored large mammal population changes over time in Katavi National Park at the same time as trying to discover why zebra species have stripes. To a conservation manager wanting advice in making protected area decisions, the fact that a researcher is carrying out two biological projects may be of little consequence.
'Volunteer' researchers now often pay considerable sums of money to work for short periods on ecological or behavioural research projects in protected areas, usually to organizations that arrange their logistics. Arrangements could be made for some of that money to be used to help fund the upkeep of reserve facilities [84] . Behavioural ecologists are well placed to catalyse research and conservation funding in this way.
Seminars and workshops given in villages adjacent to reserves can help to change local opinion about natural resources on their doorstep. At the very least, this sort of researcher engagement raises interest [85] and is an approach regularly used by NGOs such as the Wildlife Conservation Society.
The need to engage
There is still immense enthusiasm for gazetting new protected areas, in part to meet the Aichi biodiversity targets of the Convention on Biological Diversity in setting aside at least 17% of terrestrial and inland water, and 10% of coastal and marine areas by 2020. Sometimes interest in new reserves is initiated by charismatic biologists with great drive, some of whom are now legends of the conservation movement. John Muir facilitated the establishment of Yosemite National Park, and Bernard Grzimek the Serengeti National Park. Other important contributions made by individuals who studied the behaviour royalsocietypublishing.org/journal/rstb Phil. Trans. R. Soc. B 374: 20180062 and ecology of mammals include George Schaller who was pivotal in forming both the Wolong giant panda reserve in western China and the Chang Tang nature reserve in northern Tibet, Alan Rabinowitz who helped set up the Cockscomb jaguar reserve in Belize, and Jane Goodall and Toshisada Nishida who were instrumental in helping to establish, respectively, Gombe Stream and Mahale Mountains national parks in Tanzania (figure 3). More recently, John Weaver's efforts with caribou Rangifer tarandus and grizzly bears Ursus arctos [51] led to a sixfold increase in the size of Nahanni National Park Reserve, a 2017 UNESCO-recognized enclave in northern Canada (see [86] for other examples). Such fieldworkers with interests in animal behaviour worked with an array of stakeholders that included NGOs, donors, politicians, governments and other scientists to raise a groundswell of support for setting up a protected area. These were committed scientists willing to engage in the political process.
As we have intimated through our own work (see above), engagement is key to behavioural ecologists helping to establish protected areas [87] . While much continues to be written about the relationships between behaviour and conservation (e.g. [10, 65, 88] ) and the scholarly nature of many of these contributions is indisputable, they may fall short of field conservation targets because these important findings simply sit in the literature [89] ; they have yet to find firm grounding when it comes to protected area management [90] . The mismatch stems in part from a failure to frame behavioural ecological studies to specific conservation goals even though they may carry relevance to metrics of population viability [91] , and because behavioural ecologists engage with management authorities far less than with academics [92] . One-on-one conversations and workshops are critical in enabling stakeholders to understand how specific components of behavioural ecology can offer information about mechanisms that affect individuals and populations on a case by case basis [93] . Caro & Sherman [24] provide a checklist of practical research, education, political and activism avenues for engagement.
Conclusion
We have briefly examined the relationship between the discipline of behavioural ecology, that is study of the adaptive significance of behaviour in ecological context, and its relevance to protecting species in natural and minimally anthropogenically altered habitats. Understanding movement patterns and habitat requirements and the mechanisms underlying these behaviours can help in reserve establishment; and behavioural ecological knowledge can be useful in bolstering populations.
Here we have also argued that an equally important benefit of behavioural ecologists working in the field is their love of nature, desire to maintain it and at times to communicate it to an audience beyond scientists. This can help to protect their study animal in the wild and protect their study site although this involves setting time aside to interact with non-academic stakeholders, and maintaining a long-term royalsocietypublishing.org/journal/rstb Phil. Trans. R. Soc. B 374: 20180062 presence in the field. It necessitates returning to study sites again and again [94] . We believe that biologists studying behaviour could have greater impact if they moved further into the policy arena surrounding protected area establishment [57, 69, 87] not only because of their science but also in their role as scientists sitting at the conservation table.
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